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ABSTRACT 



A channel quality circuit, incorporated within a sampled 
amplitude read channel utilized in a magnetic storage 
system, for processing and accumulating performance data 
from the individual read channel components, wherein the 
performance data is used to calibrate the read channel to 
operate in a particular environment, to estimate the bit error 
rate of the storage system, and to detect defects in the 
magnetic medium. The channel quality circuit generates a 
test pattern of digital data which is written to the storage 
system. Then, as the test pattern is read from the storage 
system, the channel quality circuit accumulates performance 
data from the read channel components. The test pattern Is 
used to generate expected samples and expected sample 
errors relative to the samples read by the read channel. 
Gating logic is programmed to accumulate only the particu- 
lar performance data of interest The channel quality circuit 
computes auto and cross-correlations, squared errors, and 
threshold comparisons. A defect detection filter detects 
particular defects in the media. In order to predict the bit 
error rate of the storage system, the channel quality circuit 
accumulates noise auto-correlation data, confidence metrics 
from a sequence detector, and cross-correlation of expected 
sample errors with actual sample errors. 

12 Claims, 11 Drawing Sheets 
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CHANNEL QUALITY CIRCUIT IN A 
SAMPLED AMPLITUDE READ CHANNEL 

This application is a continuation-in-part of application 
Sen No. 08/087.617 filed on Jul 1. 1993 now abandoned. 

FIELD OF INVENTION 

The present invention relates to the control of magnetic 
storage systems for digital computers, and particularly, to a 
sampled amplitude read channel that employs a channel 
quality circuit for measuring the performance of a plurality 
of the read channel components. 

CROSS REFERENCE TO RELATED 
APPLICATIONS AND PATENTS 

This application is related to other co-pending U.S. patent 
applications, namely application Ser. Nos. 08/012,266 now 
U.S. Pat. No. 5,424,881 entitled "Synchronous Read 
Channel." 08/236,719 now abandoned entitled "Method and 
Apparatus for Calibrating a PRML Read Channel Integrated 
Circuit,** and 08/313,491 now abandoned entitled 
"Improved Timing Recovery For Synchronous Partial 
Response Recording.** This application is also related to 
several U.S. patents, namely U.S. Pat No. 5,359,631 
entitled 'Timing Recovery Circuit for Synchronous Wave- 
form Sampling.** 5,291.499 entitled "Method and Apparatus 
for Rcdu ced- Complexity Viterbi-iypc Sequence Detectors," 
5.297.184 entitled "Gain Control Circuit for Synchronous 



during the bit cell period is detected as a "P bit. whereas the 
absence of a peak is detected as a *XT bit. The most common 
errors in detection occur when the bit cells are not correctly 
aligned with the analog pulse data. Timing recovery, then, 
adjusts the bit cell periods so that the peaks occur in the 
center of the bit cells on average in order to imniraire 
detection errors. Since timing information is derived only 
when peaks are detected, the input data stream is normally 
run length limited (RLL) to limit the number of consecutive 
"0" bits. 

Detection errors are also caused by intersyrabol interfer- 
ence (ISI). Storage density is directly related to the number 
of pulses stored on the storage medium, and as the pulses are 
packed closer together in the effort to increase data density, 
they eventually interfere with each other resulting in 
intersymbol interference. This interference can cause a peak 
to shift out of its bit cell, or its magnitude to decrease, and 
result in a detection error. The ISI effect is reduced by 
decreasing the data density or by employing an encoding 
scheme to ensure that a minimum number of "0** bits occur 
between "P bits. For example, a (djc) run length limited 
(RLL) code constrains to d the minimum number of "0" bits 
between "1" bits, and to k me-maximum number of con- 
secutive "0" bits. A typical RLL code is a (1.7) 2/3 rate code 
which encodes 8 bit data words into 12 bit codewords to 
satisfy the (1.7) constraint 

Sampled amplitude detection, such as partial response 
(PR) with Viterbi detection, allows for increased data den- 
sity by compensating for intersymbol interference. Unlike 
Waveform Sampling.** and 5329,554 enUded "Digital Pulse 30 conventional peak detection systems, sampled amplitude 

t^__« . recording detects digital data by interpreting, at discrete time 

instances, the actual value of the pulse data. The analog 
pulses are sampled at the baud rate and the digital data is 
detected from these discrete time sample values. A discrete 
3 5 time sequence detector, such as a Viterbi detector, interprets 
the discrete time sample values in context to determine a 
most likely sequence for the data. In this manner, the effect 
of ISI can be taken into account during the detection process 
^ Jt - , thereby decreasing the probability of a detection error. After 

"^^J^ «. F~* ■ —he "I— * ™& values, the 



10 



15 



20 



25 



Detector.** All of the above-named patent applications and 
patents are assigned to the same entity, and all are incorpo- 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

In magnetic storage systems for computers, digital data 
serves to modulate the current in a read/write head coil so 
that a sequence of corresponding magnetic flux transitions 



read this recorded data, the read/write head passes over the 
magnetic medium and transduces the magnetic transitions 
into pulses in an analog signal that alternate in polarity. 
These pulses are then decoded by read channel circuitry to 
reproduce the digital data. 

Decoding the pulses into a digital sequence can be per- 
formed by a simple peak detector in a conventional analog 
read channel or. as in more recent designs, by using a 
discrete time sequence detector in a sampled amplitude read 



sequence detector compensates for ISI by selecting the most 
likely digital sequence associated with the sample values. 
This increases the signal to noise ratio and. for a given (<Lk) 
constraint, allows for significantly higher data density as 
45 compared to conventional analog peak detection read chan- 
nels. 

The application of sampled amplitude techniques to digi- 
tal communication channels is well documented. See Y. 
Kabal and S. Pasupathy. "Partial Response Signaling". IEEE 



channel. Discrete time sequence detectors are preferred over 50 Trans. Commun. Tech.. Vol. COM-231 pp.921-934. Septem 

simple analog pulse detectors because they compensate for 

intersymbol interference (ISI) and, therefore, are less sus- 
ceptible to noise. As a result, discrete time sequence detec- 
tors increase the capacity and reliability of the storage 
system. There are several well known discrete time sequence 
detection methods including discrete time pulse detection 
(DPD), partial response (PR) with Viterbi detection, maxi- 
mum likelihood sequence detection (MLSD), decision- 
feedback equalization (DFE), enhanced decision-feedback 
equalization (EDFE), and fixed-delay tree-search with 
decision-feedback (FDTS/DF). 

In conventional peak detection schemes, threshold cross- 
ing or derivative information, implemented in analog 
circuitry, is normally used to detect peaks in the continuous 
time analog signal generated by the read head. The analog 65 
read signal is "segmented" into bit cell periods and inter- 
preted during these segments of time. The presence of a peak 



ber 1975 ; and Edward A. Lee and David G. Messerschraitt 
"Digital Communication". Kluwer Academic Publishers. 
Boston. 1990; and G. D. Forney, Jr., "The Viterbi 
Algorithm", Proc. IEEE, Vol 61. pp. 268-278. March 1973. 
55 Applying sampled amplitude techniques to magnetic stor- 
age systems is also well documented. See Roy D. Cideciyan. 
Francois Dolivo. Walter Hirt, and Wolfgang Schott. M A 
PRML System for Digital Magnetic Recording". IEEE Jour- 
nal on Selected Areas in Communications. VoL 10 No. 1. 
60 January 1992. pp. 38-56; and Wood et al. "Viterbi Detection 
of Class IV Partial Response on a Magnetic Recording 
Channer. IEEE Trans. Commun.. VoL Com-34, No. 5, pp. 
454-461. May 1986; and Coker Et al, 'Implementation of 
PRML in a Rigid Disk Drive". IEEE Trans, on Magnetics. 
Vol. 27. No. 6, November 1991; and Carlcy et al. "Adaptive 
Continous-Time Equalization Followed By FDTS/DF 
Sequence Detection". Digest of The Magnetic Recording 
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Conference. August 15-17, 1994, pp. C3; and Mood ct al, 
"Constrained-Complexity Equalizer Design for Fixed Delay 
Tree Search with Decision Feedback", IEEE Trans, on 
Magnetics. Vol. 30, No. 5, September 1994; and Abbott et al. 
•Timing Recovery For Adaptive Decision Feedback Equal- 
ization of The Magnetic Storage Channel", Globecom* 90 
IEEE Global Telecommunications Conference 1990, San 
Diego. Calif.. November 1990, pp. 1794-1799; and Abbott 
et al. "performance of Digital Magnetic Recording with 
Equalization and Offtrack Interference". IEEE Transactions 
on Magnetics, Vol. 27, No. 1, January 1991; and Cioffi et al, 
"Adaptive Equalization in Magnetic-Disk Storage 
Channels", IEEE Communication Magazine. February 
1990; and Roger Wood. "Enhanced Decision Feedback 
Equalization". Intermag' 90. 

Read Channel Calibration 

Sampled amplitude read channels provide an increase in 
data density and are therefore preferred over the simpler 
pulse detection schemes. However, due to their complexity, 
the performance and accuracy of a sampled amplitude read 
channel depends on the performance and accuracy of each 
component therein. For instance, the accuracy of the 
sequence detector depends on how well the analog and 
digital filters equalize the pulses into an optimum shape, 
how well the automatic gain control circuit tracks the 
desired pulse amplitudes, and how well the timing circuitry 
synchronizes the sampling of the analog waveform. 
Additionally, a single read channel for use in many storage 
systems is desirable to avoid the cost of customization. 

Thus, for optimal operation, the components of a sampled 
amplitude read channel must be tuned to the particular 
operating characteristics of the storage system. For example, 
the read channel can be tuned to operate according to the 
characteristics of a particular magnetic read head, to the 
particular height the head operates above the storage 
medium, or to the particular speed at which the magnetic 
storage medium is moving, as in a magnetic disk spinning. 
Also, the characteristics of the storage system and medium 
vary between each disk drive because there are slight but 
significant differences in manufacturing, and these charac- 
teristics degrade over time. Therefore, the read channel must 
be tuned to the operating characteristics of a particular drive 
as well as to the characteristics of the magnetic storage 
medium. 

A further consideration Is that defects in the magnetic 
medium, caused by defective material, manufacturing, or 
operation, can degrade such that part of the magnetic 
medium is no longer usable. By detecting defects in the 
medium, the storage system is prevented from using that part 
of the medium so that failures are avoided. 

The prior art techniques for calibrating a read channel can 
be separated into two general groups, adaptive and non- 
adaptive systems. Adaptive calibration systems, such as 
those disclosed, in U.S. Pat No. 5,132.988 and in U.S. Pat 
No. 5,150379. utilize characteristics of the data as it is being 
read to "adapt" the parameters of the read channel. Thus, the 
components of the read channel are continuously calibrated 
to operate at an optimum level. Adaptive techniques, 
however, require complex and expensive signal processing 
circuitry to implement the calibration algorithms. Further, 
due to instabilities and noise, these systems can exhibit 
systematic errors in converging to a proper value. 

Non-adaptive calibration techniques are not as complex as 
adaptive systems, nor are they prone to non-convergence 
problems. For instance, in U.S. Pat No. 5,121,260 a read 



i4353 
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channel optimization system is disclosed in which the char- 
acteristics of the storage system and storage medium are 
measured at the- time the storage system is manufactured. 
The optimization comprises writing and reading test data to 

5 and from the storage medium, and measuring system char- 
acteristics as the data is processed by the read channel. 
Well-known instrumentation for measuring the characteris- 
tics is used, such as oscilloscopes and spectrum analyzers, 
and the measurement data for each zone is stored at a 

10 specific location on the storage medium. During operation, 
the characteristic data is read from the storage medium and 
used to calibrate the read channel. 

This technique, however, has drawbacks which are over- 
come by the present invention. One drawback is that it 

15 requires sophisticated and expensive equipment in order to 
measure the characteristic data. Further, automating the 
system of measuring and storing the data is difficult, and the 
number of measurement systems is limited. Yet another 
problem with this technique is that it does not compensate 

20 for changes over time, as the calibration is performed only 
during manufacturing. Finally, if either a storage system 
component or the storage medium is replaced, the system 
must be re-calibrated using the same sophisticated measur- 
ing equipment. 

25 After the drive has been calibrated, its performance can be 
verified by checking the bit error rate. The bit error rate is 
defined as the ratio of bits detected incorrectly out of a total 
number of bits detected. One way to measure the bit error 
rate is to write a known test pattern to the disk and compare 

30 it with the pattern detected when read back. Since the bit 
error rate is typically very low (e.g., KT 9 ) the number of 
total bits detected has to be very large (e.g., 10 u ) which 
takes a significant amount of time. Therefore, it is desirable 
to provide a more efficient method for estimating the bit 

35 error rate without having to process such a large amount of 
data. 

There arc prior art methods for estimating the bit error 
rate. For example, U.S. Pat No. 5,121,263 discloses a 

40 method that uses sample errors to estimate the bit error rate. 
Sample errors are computed as the difference between the 
sampled pulse data read by the channel and the expected 
sample values representative of the data originally recorded 
on the disk. However, the method for deterniining the 

4S expected sample values does not use the digital sequence 
written to the disk. Rather, the expected sample values are 
determined as a function of the samples read from the disk 
and are therefore subject to error. The estimated bit error 
rate, consequently, may also be incorrect 

50 In addition, the method disclosed in the '263 patent does 
not provide a means for acquiring measurement data other 
than the sample error value. In other words, measurement 
data from the individual components is not provided. 
Finally, particular portions of the measurement data cannot 

55 be selectively accumulated in order to characterize the entire 
data pulse. The method disclosed, then, is useful for esti- 
mating the bit error rate, but insufficient for calibrating the 
individual components of the read channel 
Another deficiency with the prior art is the inability to 

60 estimate the bit error rate by automatically generating a 
noise auto-correlation measurement within the read channel. 
A further deficiency is the inability to utilize the confidence 
metrics values from the sequence detector to estimate the bit 
error rate. Still further, the prior art does not provide a means 

65 for estimating the bit error rate by cross-correlating expected 
sample errors with measured sample errors when a single bit 
is shifted in a d=t recording system, 
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It is a general object of the present invention to provide a within a predetermined window. This is accomplished by 
means for automatically acquiring measurement data from programming a start and stop value relative to the samples 

the individual components of a read channel in order to: read by the channel. Consequently, the measurement circuit 
calibrate the read channel according to the characteristics of can be programmed to accumulate a predetermined range of 

a particular storage system; estimate the bit error rate of the 5 data during acquisition or tracking modes independently, 

storage system; and predict defects in the storage medium in Th e gating logic also allows for periodic accumulation of 

order to preventsystemfailures.lt is a further object to avoid wni ch permits measurement of the entire isolated 

the complex and expensive signal processing techniques This is advantageous for the characterization of 

associated with adaptive calibration circuits, and to provide ^equalization when calibrating the read channel and esti- 

measurement data without using sophisticated measuring 10 maUn 8 bit error rates. 

equipment. Another object is to provide a means for accu- Yet fcature of me present invention is to estimate 

rately generating expected sample values relative to the ^ bit OTOr rate of ^ svstcm bv accumulating 

sample values read by the channel. Yet another object is to . confidencc mettics generated by the Viterbi sequence detec- 

accumulate only a predetermined number of error values ^r. The confidence metric is the measurement of the error or 

relative to the data read by the channel so that the entire data is between the maximum likelihood sequence and 

pulse can be characterized. Another object is to generate and ^ actual sequence, which is indicative of the bit error rate, 

accumulate, within the read channel, noise auto-correlation Confidence metric measurements can be accumulated while 

data, confidence metric values, and expected sample errors 10 caHhratioD modc usin S lhe test pattern data, or 

cross-correlated with measured sample errors, for use in dunng normal operation while reading arbitrary data from 

estimating the bit error rate of the storage system. 20 Ac stora 8 c system. Thus, the esrimated-bit error rate com- 

puted from the confidence metrics is used to verify the 

SUMMARY OF THE INVENTION accuracy of a calibration as well as to verify the normal 

. . ■ . . operating performance of the storage system. 

l* 6 P«'«t mention arc achieved by ^ measurement circuit fi^ atLu(3es a ^ t0 

mcorporaung within a ^sampled amplitude read channel a arithmetically process the measured data, for example, by 

£ "1 ^ T£ TT* r rf H rma, ' Ce ^ frDm c °»»P^»g *e auto-correlation and cross-correZon of 

Ac components of the read channel and generating error selected ^ u ^ sM >< lmtistiott of ^ s noise to me 

Zfj.Tr 1DS ^ Ce " 3 T «*£■«• represented by the sample error values, can 

, tama e ica ?°? arcl " t , ls accumulated by automatically to detenntethe bit enor rate of 

the measurement circuit and then used to tunc the timing ,1^ c . . . 

. . . . _ . , v, the system. Furthermore, the discrete time equalizing filter 

ZTJl™^!'?™- y ^f™* ^ can be caUbrated by cross-correlating the fdte^delayrlgistex 

read channe can be optimized. In addition to calibrating the ^ 0 ^j mum jutcTcoefficienTs. 

read channel components, during normal operation the mea- _ _ . 

surement circuit is used to detect the bitVrror rate of the The^s for r^ocessing the rr^asiired^ta also ^eludes 

storage system, and to detect defects in the medium so that 35 T Z ^enhance' the noise due to defects 

steps can be taken to prevent system failures. J? *f medi ™-Th e s impulse response is matched to 

L. . .f ^ J the signature of the noise In order to amplify the noise in the 

The data processed by the read channel during calibration presence of a defect A plurality of defect scan filters, with 

is generated by writing a known test pattern to the storage impulse respo nses matched to corresponding noise 

medium ^and then , reading the data using the magnetic read signatures, can be programmably selected. A defect scan 

head Alternatively, the read data can be injected directly which uses each filter separately can determine the presence 

into the read channel from a signal generating device. In and Nation of specific types of medium defects, 

other method, the test data sequence is known so that an To process the measured data further, a bit-shift estimator 

expected sample and bit sequence can be compared to the „ . . „ .. _ . . u " 

acuuu sampte and bit sequence read by the cZTeL Thus! u •"fS? IT* ^ ** 

the measurement circuit includes both a means for genera - 45 ^ ™. \ te *? OTOr ^ 

. . . . _ . , , . B CUCU11 m d=l recording. Similar to the confidence metrics 

Zil v^nZlT;* *"? V ^ CS bit -" hift estim *<* can be used to estimate the 

sample values in order to generate sample errors, and a bit OTOr rate durin mode „ weU as normal 

means for comparing the detected bit sequence with the test nr ^, h . „ . ? . ft , . „ . , 

a«*« %T ~Ja * ^ . , operation. The bit-shift estimator is normally used to esti- 

data sequence in order to generate bit errors. The sample uu ifr f . . / . . 

. , , . . ™ 50 mate the bit error rate of a sampled amplitude read channel 

errors or the bit errors can be used to estimate the storage < n , . + . ^ \. ^ 

_ r . . ... _ „ t . « VI ,w that has a d>0 constraint since computinc the confidence 

system s bit error rate in order to verify the accuracy of the . . , , , . i- , ^ 

calibration 7 metnc for these channels is more complicated. 

The test data sequence is generated by a prograrnmable BRJEF DESCRIPTION OF THE DRAWINGS 
linear feedback shift register (LFSR) which generates 55 The above and other aspects and advantages of the present 

pseudo-random or repeating sequences. The seed value for invention will be better understood by reading the following 

the pseudo-random sequence and length of the repeated detailed description of the invention in conjunction with the 

sequence are programmable. drawings wherein: 

An expected sample generating circuit utilizes the known HG. 1 is a block diagram of a conventional sampled 
test data sequence in conjunction with the sign of the sample $o amplitude recording channel. 

value read by the channel to generate the expected sample FIG. 2A shows an exemplary data format of a magnetic 

values. A sync detected signal and a special 2T preamble disk having a plurality of concentric tracks where each track 

synchronize the generation of expected samples with the contains a plurality of sectors, 

samples being read by the channel In this manner, errors in FIG. 2B shows an exemplary format of a sector, 
generating the expected sample values are avoided. 65 na 3 is a block ^gnua of a sampled amplitude record- 

The present invention also provides prograrnmable gating ing channel comprising the channel quality circuit of the 

logic which enables the accumulation of measurement data present invention. 
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FIG. 4 is a block diagram of the channel quality circuit mated binary sequence A b(n) 33 into estimated user data 37. 

which has various input signals from the read channel In the absence of errors, the estimated binary sequence t>(n) 

components. 33 is equal to the recorded binary sequence b(n) 6. and the 

FIGS. 5A and 5 are a block diagrams of the channel decoded user data 37 is equal to the recorded user data 2. 

quality pattern generator circuit for generating pseudo- 5 p ata format 

random and repeating sequences of test data. „^ „ . . . - ^ c ^. 

^ 5 H a . , , FIG. 2A shows an exemplary data format of a magnetic 

FIGS. 6A. 6B and 6C are the state diagram, logic table, mediujn comprising a plurality of concentric data tracks 13 

and logic circuit depicting how the expected samples in a whefein ^ ^ ^ 13 is comprised of a plurality of 

partial response class-IV read channel are generated for use w scct<H . s ^ ^ wnerein a pluraliry of servo fields 17 ^ 

m channel quality. embedded in the sectors. A disk controller processes the 

FIG. 7 is a block diagram for the channel quality signal servo fi c id s n t o verify the track and sector position of the 

processing circuit. read/write head. Additionally, the disk controller processes 

FIG. 8 is an example digital equalization filter where the servo bursts within the servo field 17 to keep the head 

values stored by the tap delays are processed by the channel 13 aligned over the desired track 13 while writing and reading 

quality circuit in order to calibrate the filter. data. FIG. 2B shows the format of a sector 15 comprising a 

FIG. 9 is a logic diagram of the window logic and periodic training preamble, a sync mark, and user data. Timing 

gating logic of the channel quality circuit. recovery uses the training preamble to acquire the correct 

FIG. 10 is an example sampled analog read signal depict- sampling frequency and phase, and the sync mark signals the 

ing the channel qualtty conSdence metric computation for » ^^n^i^^^T 

arbitrary data mode and for guided mode. f on Na 08*01.572 entitled "Improved Tmung 

' . , . M , * , . .. - , - , * Recovery For Synchronous Partial Response Recording". 

FIG. 11 is a logic diagram of the channel quality bit-shift 

estimator used for estimating bit enor rates in d= 1 recording. Channel Quality 

HFTATl PD DFSnumON OF THE *5 ^ 3 Sh ° WS * SamplCd fead ChaMeI 00m P liS " 

^JS^^^SSvS ing ** dianncl qua[ity 042 of * e present invei ? tioiL 

PREFERRED EMBUUIMEInI Msq shown fa a sync mark p40 for generating a 

Sampled Amplitude Recording Channel scctor f tecte ? ™ 2; * ^ ccc *\ for 

"v "** * generating estimated sample values 29; and a multiplexer 

FIG. 1 is a detailed block diagram of a conventional 30 D47 for selecting as the NRZ output data from the channel 

sampled amplitude read/write recording channel. During a quality circuit D42 over line D45 or data from the RLL 

write operation, either user data 2 or preamble data from a decoder 36 over line D49. 

data generator 4 (normally 2T preamble data) is written onto Referring now to FIG. 4. the channel quality circuit 042 

the medium. A RLL encoder 6 encodes the user data 2 into accumulates the error values used during calibration. A 

a binary sequence b(n) 8 according to a (dJc)RLL constraint 35 pattern generator D43 generates a test sequence D94 of 

A precoder 10 pre codes the binary sequence b(n) 8 in order digital data written to the storage medium and then read back 

to compensate for the transfer function of the recording by the read head and processed by the read channel during 

channel 18 and equalizing filters to form a precoded calibration. An expected sample generator D78 generates 

sequence ~b(n) 12. The precoded sequence ~b(n) 12 is expected samples based on the test data from the pattern 

converted into symbols a(n) 16 by translating 14 -b(N)=0 ^ generator D43. The expected samples D52 are subtracted 

into a(N)=-l. and -b{N)=l Into a(N)=+l. The symbols a(n) from the actual samples 27 to generate a sample error signal 

16 modulate the current in the recording head coil at the D54. A bit error rate signal D56 is generated by comparing 

baud rate 1/T to record the binary sequence onto the mag- the expected test pattern D94 from the pattern generator D43 

netic medium. to the detected sequence generated by either the slicer 31 

When reading the binary sequence back, a variable gain 45 over line 29 or the sequence detector 34 over line D60. 

amplifier 22 adjusts the amplitude of the analog read signal Other read channel component measurements include a 

19. and an analog filter 20 provides initial equalization gain error D44 from the automatic gain control circuit 28, a 

toward the desired response. A sampling device 24 samples timing error D46 from the timing control circuit 28, delay 

the analog read signal Y(t) 11 from the analog filter 20, and register values D64 from the discrete time equalization filter 

a discrete time filter 26 provides further equalization toward so 26. and the confidence metrics D66 from the discrete time 

the desired response. In partial response recording, for sequence detector 34. The measurement data from the read 

example, the desired response may be selected from Table 1. channel components are passed through multiplexer D68 to 

The equalized sample values 32 are applied over line 27 the signal processing circuit D70. An error value D71, 

to decision directed gain and timing control 28 for adjusting typically comprised of multiple bits, is computed from the 

the amplitude of the read signal and the frequency and phase 55 measurement data and accumulated in error accumulator 

of the sampling device 24. respectively. Timing recovery D72. Gating logic D74 controls which error values are 

adjusts the frequency of sampling device 24 over line 23 in accumulated and updates an error count in count accumu- 

order to synchronize the equalized samples 32 to the wave- later D76. Gating logic D74 also responds to an OutputC 

form so that the effect of intersymbol interference is mini- signal D53. When enabled, OutputC D53 causes accumula- 

mized (see co-pending U.S. patent application Ser. No. 60 tion of the confidence metrics D66 (as described below). 

08/70 U72 entitled "Improved Timing Recovery For Syn- The measurement circuit is clocked from the output of the 

chronous Partial Response Recording"). Gain control timing control circuit 23 in order to synchronize the 

adjusts the gain of variable gain amplifier 22 over line 21. expected sample generation and error accumulation to the 

The equalized samples Y(n) 32 are sent to a discrete time sampling frequency. A microprocessor (not shown) controls, 

sequence detector 34, such as a-maximum likelihood (ML) 65 over bus D78. the programmable aspects of the pattern 

Viterbi sequence detector, to detect an estimated binary generator D43. multiplexers, signal processing D70. and 

sequence ~b(n) 33. An RLL decoder 36 decodes the esti- gating logic D74 as are herein after described. 
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The microprocessor reads the error D72 and count D76 Before the sequence of expected samples can be 

accumulators (typically N bits wide) over line D41. The bit generated, the starting state, a or b, must be determined. To 

error signal D56 and threshold signal D123 (the threshold accomplish this, the beginning of the test pattern comprises 

signal D123 is described in reference to FIG. 7) can also be a channel quality 2T preamble D105 as shown in FIG. 6C. 

applied over line D71 to the NRZ data line 37 in order to 5 A 2T preamble has the form (110011001100. . . ) and 

determine the location of errors within the data stream. This corresponds to the write current in the head coil with 

is useful, for instance, in detecting the exact location of a l=positive current and 0=negative current This preamble 

medium defect maximizes the output of the recording channel and results in 

_ ^ _ AJ „ 4J o,^ a ^owii sinusoidal read back signal. Consequently, the sign 

Test Pattern And Expected Sample Generator I0 of mc samplcs ^ ^ used t0 determine ^starting state a 

FIGS. -5 A and 5B illustrate the preferred embodiment for or °« ^ depicted in the state table of FIG. 6B. 

implementing the pattern generator D43 of the channel As shown in FIG. 6C an acquisition preamble D101 

quality circuit. The pattern generator is programmably con- (such as a 2T preamble) is first read by the channel to adjust 

figured into a linear feedback shift register (LFSR) to the gain and timing control 28. Next, the sync mark D103is 

generate pseudo-random sequences, or it is configured into 15 detected and the sync detect D62 signal activated to signify 

a ring shift register to generate a repeating pattern sequence. the beginning of the channel quality preamble D105. 

Logic blocks D8© implement various stages of the pattern Counter D91 is enabled by the sync detected D62 signal and 

generator and can be bypassed, through multiplexers D84, to is clocked by the sample sign D98 in order to count the 

change the length of the pseudo random or repeated number of expected transitions in the channel quality 2T 

sequence. 20 preamble D105. While counting the channel quality 2T 

In pseudo-random mode, the register D82 is programmed preamble transitions, a lock sign D63 is active and the 

with a seed value for the sequence, and the seed value is sample sign D98 (0=positivc. l=negative) is selected 

loaded into the corresponding stages D80 of the pattern through multiplexer D93 as the input to a state flip-flop D92. 

generator. The data is shifted from right to left and outputted The output D95 of the state flip-flop D92 represents the 

in parallel from the furthest left stage D80 (the stage of 25 states a and b (a=l. b=0). 

length 16). A parallel output D81 from the farthest left stage When counter D91 reaches terrninal count the lock sign 

is in either 9-bit RLL encoded format or 8-bit un-encoded D63 signal inactivates which disables counter D91 and 

format A serial output D94 of the farthest left stage is fed selects, as the input to the state flip-flop D92, the current 

back to the other stages in order to implement the LFSR. state D95 or the inverse state D97 as determined by the test 

This is also the output DM of the pattern generator D43 30 pattern D94 rather than the sample sign. As shown in the 

shown in FIG. 4. state table of FIG. 6B. for each *©' bit in the test pattern the 

As shown in FIG. 5B, each stage D80 comprises a state remains the same, and for each *1* bit the state changes, 

predetermined number of memory elements D81 which The current state and current test pattern bit are used to 

store one bit of data. Multiplexers D88 are programmed to select the N bit expected sample value D52 through multi- 

either pass the bit from the previous memory element 35 plexer D100. The expected sample value D52, with respect 

straight through to implement the ring shift register or XOR l ° die current state and test pattern bit, is shown in the state 

D90 the previous bit with the feed back bit D94 to imple- table of FIG. 6B. 
ment the LFSR. The polynomial for implementing the LFSR 

is fixed; not all of the memory elements are preceded by the Channel Quality Signal Processing 

multiplexer D88 and XOR gale D90. 40 na 7 ^ mc block for ^ signal 

Referring again to FIG. 4, during read back of the test circuit D70 of the measurement circuit The measurement 

pattern from the storage system, the pattern generator D43 signal to be processed provided at the output of multiplexer 

is disabled until the sync detect D62 is active, indicating the D68. is input to the signal processing circuit D70 over line 

beginning of the sequence. Once sync detect D62 is active, 45 D69. 

the pattern generator is clocked by the output of the timing The signal processing includes a bank of discrete time 

control circuit over line 23 to synchronize the pattern filters Dl»2 where the impulse response of each filter 

re-generation with the pattern read from the disk: In this substantially matches the signature of noise in the sampled 

manner, the bit errors D56 are computed as the difference data caused by a particular type of medium defect The effect 

between the brt sequence detected by the read channel and ^ is to.amplify the noise, represented by the sample error 

the test pattern. values, such that medium defects can be more readily 

Expected samples D52, corresponding the samples read detected. The filter matched to the particular defect of 

from the storage medium, are generated using the test concern is selected using multiplexer D106. At least one of 

pattern D94 from the test pattern generator D43 and a state the defect filters 11 can be configured into a bit-shift 

diagram of the discrete time sequence detector 34. That is. 35 estimator circuit (discussed in reference to FIG. 11) for 

the expected samples D52 are generated as the expected estimating the bit error rate in a d=l read channel. Refer to 

input to the sequence detector 34, given the test pattern is the U.S. Pat No. 5 J63.746 entitled "Real Time Media Defect 

expected output of the detector 34. Scanning In A Sampled Amplitude Read Channel" for a 

The state diagram for one interleave of a PR4 read detailed description of how medium defects affect the read 

channel, as shown in FIG. 6A, has only two states, a and b. 60 signal, as well as a detailed description of a related defect 

representing the even or odd dicode sequence. See Roy D. detection technique. 

Cideciyan, Francois Dolivo, Walter Hirt and Wolfgang Multiplexer D106 passes cither the filtered measurement 

Schott A PRML System for Digital Magnetic Recording", signal or the unfiltered measurement signal to arithmetic 

IEEE Journal on Selected Areas in Communications. Vol. 10 processing circuitry over line D108. Arithmetic processing 

No, 1. January 1992, pp.38-56. A transition from one state 65 abilities include computing the absolute value DUO. squar- 

to the other occurs when a T bit is detected in the ing D112. and multiplying D114 by a value previously 

sequence. stored in a holding registers) D116. The holding registers) 
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D116 and multiplier D114 are used to calculate auto- 
correlation and cross-correlation values, which are then used 
to calibrate the read channel components and to predict bit 
error rates. For instance, the discrete time equalization filter 
shown in FIG. 8 is calibrated by processing the delay 
register values D64 In a least mean square (LMS) algorithm 
using auto-correlation and cros s -correlatio n computations. 

Multiplexer D120 is used to select the desired arithmeti- 
cally processed signal, or the un-processed signal D118. The 
output of multiplexer D12* is compared to a signed thresh- 
old D122 and the compare signal D123 sent to the error 
accumulator D72 over line D71 and. optionally, to the NRZ 
output 57. Alternatively, the output of multiplexer D120 is 
passed directly through multiplexer D124 to the NRZ output 
or error accumulator. As described earlier, the NRZ output is 
one bit and can be used to detect the location of bit errors 
DS6 and threshold events D123 in the data stream. 

Channel Quality Gating Logic 

The error D72 and count D76 accumulators and the 
holding registers ) D116 are controlled by the gating logic 
D74. an implementation of which is shown in FIG. 9. 
Counters D208 and D210 implement window logic to accu- 
mulate the error values within a predetennined window of 
sample values processed by the read channel. The window 
logic is activated according to an async mode D200 signal 
together with a read gate D61 and sync detected D62 signals. 
When in async mode, the window logic is active as soon as 
the read gate D61 is active indicating that the read channel 
is processing sample values read from the storage medium. 
Otherwise, the window logic is active synchronous with the 
sync detected signal D62 which signifies the start of the test 
pattern D94. 

Counter D208 stores a delay count, which represents the 
number of samples to be processed by the channel before die 
start of the accumulation window. A delay count is loaded 
into the counter over line D206, and the counter is enabled 
over line D204. When the delay count is reached, counter 
D210. which stores the count for the window duration D212. 
and counter D220. which stores a periodic gating count 
D222. are activated. 

Counter D220 is loaded with a periodic gating count 
D222. which specifies an interval for accumulating the error 
values and for loading the holding registers) D116. If the 
periodic gating count is one. then the error and count 
accumulators store an error value far every sample pro- 
cessed by the read channel during the window duration. If 
the periodic gating count is. for example, three, then an error 
and count value is accumulated at every third sample 
processed by the read channel. Periodic gating allows char- 
acterization of the entire data pulse by varying the accumu- 
lation interval. 

The gating logic enables accumulation of error values 
until the duration count in counter D212 is reached, dis- 
abling counter D220 over line D218. 

Bit Error Rate Using Confidence Metrics 

Yet another signal processed by the measurement circuit 
of the present invention is the confidence metric D66 
generated by the sequence detector 34. The confidence 
metric is used to estimate the bit error rate in order to verify 
the accuracy of a calibration and to monitor the performance 
of the storage system while in normal operation. During 
sequence detection, the detector computes a pre -transition 
(Cpre) and post-transition (Cpost) metric value. The confi- 
dence metric D66 processed by the measurement circuit is 
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updated, when a transition is detected, to either Cpre. Cpost 
or the minimum of Cpre and Cpost. The Cpre and Cpost 
values are generated by the sequence detector 34 according 
to Table Dl during normal operation and Table D2 when 

5 guided by the test pattern D94 during calibration mode. 
In Tables Dl and D2. the first column, Last T. represents 
the polarity of the last transition. The second column of 
Table Dl, Xk. is the estimated value of the current input 
sample when reading arbitrary data during normal operation. 

10 During calibration, Xk in Table D2 is the expected sample 
value corresponding to the test pattern. The third column 
shows the computation of Cpre according to Last T and Xk 
where TH and TL are, respectively, the high and low 
thresholds of the sequence detector 34. The value for Cpre 
is updated only when Xk is non-zero. Hie fourth column 

15 shows the computation of Cpost as MaxPos (the inaximum 
possible value) when Xk is non-zero, and as the niinimum 
of the previous Cpost and the difference between the sample 
value Yk and the threshold when Xk is zero. The fifth 
column. OutputC. is a flag indicating that a confidence 

20 metric D66 is computed and output at each transition as 
either Cpre. Cpost, or the roinimum of Cpre and Cpost 

The computation of Cpre and Cpost can be understood 
with reference to FIG. 10. This figure shows the continuous 
time analog signal D300 generated by the read head, and 

25 corresponding discrete time samples processed by a PR4 
read channel. In a PR4 read channel, the samples are 
processed in the even and odd interleaves separately. 
Therefore, the samples shown in FIG. 10 are described in 
relation to one of the interleaves. Below each sample value 

30 is the corresponding binary value of the bit sequence 
detected D320 during normal operation, and the bit 
sequence D321 for the test pattern D94 during calibration 
mode. 

The detected bit sequence D320 in relation to the sample 

35 values illustrates the operation of the interleaved Viterbi 
detector 34 during normal operation when reading arbitrary 
data. The operation of the Viterbi detector 34 is described in 
relation to Table Dl. 
The sampled analog signal D300 has a negative and 

40 positive transition. The negative transition is detected during 
normal operation when the interleaved sample value Yk 
D322 exceeds the lower threshold D304 and the estimated 
sample value Xk is -1. Cpre is updated to TL-Yk D306 
according to row 3 of Table Dl, and the thresholds TH D302 

45 and TL D304 are adjusted, according to the sliding threshold 
Viterbi algorithm, to new thresholds TH D324 and TL D326. 
Since the next interleaved sample value D328 is within the 
thresholds D324 and D326. the estimated value Xk is 0 and 
Cpost is updated to Yk-TL D308 according to row 5 of Table 

50 Dl. The next interleaved sample value D330 exceeds the 
upper threshold D324 and the estimated sample value Xkis 
+1. The confidence metric D66 is then updated to Cpre. 
Cpost or the minimum of Cpre and Cpost as programmed by 
the microprocessor, and the gating logic D74 is enabled by 

55 OutputC D53 so that the confidence metric D66 is accumu- 
lated. Cpre is updated, according to row 6 of Table DL to 
Yk-TH D310. The thresholds D324 and D326 are updated, 
according to the Viterbi algorithm, to new thresholds TH 
D334 and TL D336. The next interleaved sample value 

60 D332 again exceeds the upper threshold value D334 and the 
estimated sample value Xk is +1. Since the polarity of the 
estimated transition has not changed the confidence metric 
D66 is not gated by OutputC DS3 and is therefore cot 
accumulated. However. Cpre is update to Yk-TH D312 

65 according to row 1 of Table Dl. 

The test pattern bit sequence D321 in relation to the 
sample values illustrates the operation of the interleaved 
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Vicerbi detector 34 during calibration mode when the test time. Estimated or expected data D2S0 from the sequence 

pattern D321 is used to guide the detector. Id guided mode, detector 34 or test pattern generator D43, respectively, is 

consecutive non-zero expected samples of the same polarity input into five delay registers D254. and the most significant 

will not occur. Therefore rows 1 and 4 of Table Dl are bit (the sign D228) of the data is input into four delay 

omitted from Table D2. The operation of the detector in 5 registers D252. Logic gate D256 enable the output of the 

guided mode is described in relation to Table D2. bii _ thm estimator according to specific conditions. 

The first interleaved sample value D322 exceeds the TL 

threshold D304 and would normally be detected as a "1" bit 0Ut P m 0111 of ^ mter 0240 is cabled only 

The test pattern D321, however, is a "0" bit, which prevents whcn * c test P att «"n sequence is 4 001* and the sign of the 
detection of the transition. The thresholds TH D302 and TL 10 expected sample values matches the sign output D241 of the 

D304 are still adjusted, according to the sliding threshold D24 *> «" when the test pattern sequence is '100* 

Viterbi algorithm, to new thresholds TH D324 and TL M26. the sign of the expected sample values is opposite the 

The next sample value D328 does not exceed the thresholds sign output D241 of the FIR filter D240. The presence of a 

D324 or D326, however, the test pattern D321 is a "1" bit leading or trailing pair of zeros indicates that the pulse in 
so a transition is detected. The error is reflected in the 15 question can shift left or right by one place without violating 

confidence metric Cpre which is updated to TL-Yk D308 the d=l constraint The operation of the bit-shift estimator is 

according to row 2 of Table D2. Cpre in this case is a understood with reference to Table D3. 
negative value which indicates the presence of the error. The 

next interleaved sample value D330 exceeds the TH thresh- 1x1 Table D3 « * c headin 8 indicates the direction of the bit 
old D324 and the transition is detected correctly since the ™ shift (LEFT 01 RIGHT) . Row 1 shows the bit-shifted 

test pattern is also a *T bit OutputC D53 is enabled and the sequence detected by the read channel and row 2 shows the 

confidence metric is accumulated. The next interleaved expected sequence from the test pattern. The actual signal 

sample value D332 again exceeds the TH threshold D334, samples generated by the bit-shifted sequence (in the 

but the transition is not detected since the test pattern is a IT absence of other errors or noise) are shown in row 3 with the 

bit The -error is reflected in the confidence metric Cpost 25 expected sample values corresponding to the expected 

which is updated to TH-Yk D312 according to row 1 of sequence from the test pattern shown in row 4. The sample 

Table D2. In this case Cpost is also a negative value error values, computed by subtracting the expected samples 

indicating the presence of the error. from the actual samples, are shown in row 5. Accordingly. 

When a transition is detected in either normal or guided the magnitude of the sample error sequence matches the 

mode. OutputC D53 enables accumulation of the condifence 30 impulse response of the FIR filter (1. 2, 0. -2. -1) when a 

metric D66. Comparator D122 of FIG. 6 can also be bit shift occurs in a "100" or "001" sequence. As shown in 

programmed in order to accumulate only the confidence row 6. the output of the filter is highly positive or negative 

metric values that exceed a predetermined threshold. This when filtering the sample error sequence corresponding to a 

allows for even greater flexibility in optimizing the bit error bit-shift error, 
estimation process. 35 

By incorporating the measurement circuit of the present 

Bit Error Rate Using Bit Shift Estimator invention into a read channel, the components of the read 

For EPR4 or EEPR4 d=l miiiimiim run length constraint channd can ****** caIibratcd to °P erate in « particular 
recording (meaning there must be at least one 4 tT bit ^ environmeQt ' Further, the measurement circuit provides the 
between successive T bits), it is more complicated to necessary processing to estimate the bit error rate of the 
compute the confidence metric. Thus, rather than use the storage system from the confidence metrics of the sequence 
confidence metrics, one of the defect filters DI02 can be detector, from the auto-correlation of the sample errors in the 
configured into a bit-shift estimator D109 (shown in FIG. 7 sampled signal, and from cross-correlating the expected 
and in detail in FIG. 11) to estimate the bit error rate. In a 45 sample errors with the actual sample errors in the sampled 
d=l channel, the sequence detector 34 will never allow the signal. Additionally, the measurement circuit includes a 
detected sequence to violate the <U=1 constraint However, an defect detection filter for enhancing noise, caused by par- 
error caused by a bit shifting in the sequence can still occur ticular types of medium defects, in the sampled signal. Thus, 
without violating the constraint Such an error, for example, defects in the medium can be more readily detected and 
occurs when a data sequence of "OOP or "100" is detected ^ system failures avoided, 
as 44 01(r. The bit-shift estimator D109 detects these bit-shift 

errors which is indicative of the system* s bit error rate. ^ of invention have been fully realized 

As shown in FIG. 11. the bit-shift estimator D109 can be embodiment disclosed herein. Those skilled in 

implemented as an FIR filter D24* for filtering the sample ^ e m wU1 aPP^^ ^ A» aspects of the invention can 

error values D54. The niter's impulse response (e.g., 12 0 55 achicved trough various embodiments without departing 

-2, -1 for EEPR4) is substantially matched to the sample from me s P to and of ^ k v «"«*oiL The particular 

errors caused by a w r bit shifting one place in the data embodiment disclosed is illustrative and not meant to limit 

stream without violating the d=l constraint In this manner. me sco P* of ^ invetttion as appropriately construed by the 

the expected sample errors resulting from a bit shift event foUowin 8 cla irns. 
are cross-correlated with the actual sample errors. This <so 

cross-correlation is Indicative of the bit error rate. TABLE 1 

To configure for bit error rate estimation, the bit-shift 
estimator is activated through OR-gate D246 by setting line 
D244 low. If line D244 is active, then the bit-shift estimator 
is operable as a defect scan filter D102. Once activated, 65 
additional bit shift detector logic D242 shown in FIG. 11 
enables the output of the bit-shift estimator at the correct 
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over the magnetic medium, the channel quality circuit for 
monitoring the performance of a plurality of components of 
the sampled amplitude read channel, said channel quality 
circuit comprising: 

(a) a plurality of measurement inputs for receiving a 
plurality of measurement signals generated by at least 
one of the read channel components; 

(b) signal processing circuitry, responsive to the measure- 
ment signals, for generating at least one error value; 
and 

(c) an output for outputting the at least one error value to 
a microcontroller for use in calibrating at least one of 
the read channel components. 

wherein the signal processing circuitry comprises a 
squared value generator. 

3. A channel quality circuit integrated into a sampled 
amplitude read channel for reading data from a magnetic 
medium* the read channel detects digital data from a 
sequence of discrete time sample values generated by sam- 
pling an analog signal from a magnetic read head positioned 
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We claim: 

1. A channel quality circuit integrated into a sampled 
amplitude read channel for reading data from a magnetic 
medium, the read channel detects digital data from a 
sequence of discrete time sample values generated by sam- 
pling an analog signal from a magnetic read head positioned 
over the magnetic medium, the channel quality circuit for 
monitoring the performance of a plurality cf components of 
the sampled amplitude read channel, said channel quality 
circuit comprising: 

(a) a plurality of measurement inputs for receiving a 
plurality of measurement signals generated by at Least 
one of the read channel components; 

(b) signal processing circuitry, responsive to the measure- 
ment signals, for generating at least one error value; 
and 

(c) an output for outputting the at least one error value to 
a microcontroller for use in calibrating at least one of 
the read channel components. 

wherein: 

the read channel is a type PRML class-IV channel and 
comprises at least one sliding threshold Viterbi detector 
responsive to the sample values; 

the sliding threshold Viterbi detector comprises a sliding 
threshold; and 

the measurement signals comprise a confidence metric 
value proportional to a difference between sample 
values processed by the Viterbi detector and the sliding 
threshold. 

2. A channel quality circuit integrated into a sampled 
amplitude read channel for reading data from a magnetic 
medium, the read channel detects digital data from a 
sequence of discrete time sample values generated by sam- 
pling an analog signal from a magnetic read head positioned 



over the magnetic medium, the channel quality circuit for 
monitoring the performance of a plurality of components of 
35 the sampled amplitude read channel, said channel quality 
circuit comprising: 

(a) a plurality of measurement inputs for receiving a 
plurality of measurement signals generated by at least 
one of the read channel components; 
40 (b) signal processing circuitry, responsive to the measure- 
ment signals, for generating at least one error value; 
and 

(c) an output for outputting the at least one error value to 
45 a microcontroller for use in calibrating at least one of 
the read channel components, 
wherein the signal processing circuitry comprises a com- 
parator for comparing an operand value, responsive to 
the measurement signals, to a predetermined threshold 
5q value. 

4. A channel quality circuit integrated into a synchronous 
PRML class-IV read channel for reading data from a mag- 
netic medium, the read channel detects digital data from a 
sequence of discrete time sample values generated by sam- 

55 pling an analog signal from a magnetic read head positioned 
over the magnetic medium using at least one sliding thresh- 
old Viterbi detector having at least one sliding threshold, 
said channel quality circuit comprising: 

(a) a confidence metric accumulator for accumulating a 
60 confidence metric value proportional to the difference 

between the sample values processed by the Viterbi 
detector and the sliding threshold; and 

(b) a count accumulator for accumulating a count value 
representing a number of confidence metric values 

63 accumulated. 

5. The channel quality circuit as recited in claim 4. 
wherein the confidence metric is proportional to the value 
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selected from the group consisting of a pre-metric value and 
a post-metric value, wherein: 

(a) the pre-metric value is computed, when a current 
sample value processed by the Viterbi detector is out- 
side of the sliding threshold, responsive to a difference 5 
between the current sample value and the sliding 
threshold; and 

(b) the post-metric value is computed, when a current 
sample value processed by the Viterbi detector is within 
the sliding threshold, responsive to a minimum of a 10 
previous post-metric value and a difference between the 
current sample value and the sliding threshold. 

6. The channel quality circuit as recited in claim 4, further 
comprising an expected sample value generator for gener- 
ating expected sample values relative to the sample values 15 
read by the read channel, wherein the confidence metric is 
proportional to the value selected from the group consisting 

of a pre-metric value and a post-metric value, wherein: 

(a) the pre-metric value is computed, when an expected 
sample value is non-zero, responsive to a difference 20 
between a current sample value and the sliding thresh- 
old; and 

(b) the post-metric value is computed, when an expected 
sample value is zero, responsive to a minimum of a 
previous post-metric value and a difference between the 2s 
current sample value and the sliding threshold. 

7. A method for measuring performance data from a 
plurality of components in a sampled amplitude read chan- 
nel for reading data from a magnetic medium, the read 
channel detects digital data from a sequence of discrete time 30 
sample values generated by sampling an analog signal from 

a magnetic read head positioned over the magnetic medium, 
said method for measuring comprising the steps of: 

(a) measuring, within the read channel a plurality of 
measurement signals generated by a read channel com- 35 
ponent: 

(b) processing the measurement signals to generate at 
least one error value: and 

(c) outputting the error value to a microcontroller for use 

in calibrating at least one of the read channel 40 
components, 
wherein: 

the read channel is a type PRML class- IV channel and 
comprises at least one sliding threshold Viterbi detector 
responsive to the sample values; 

the sliding threshold Viterbi detector comprises a sliding 
threshold; and 

the measurement signals comprise a confidence metric 
value proportional to a difference between sample 50 
values processed by the Viterbi detector and the sliding 
threshold. 

8. A method for measuring performance data from a 
plurality of components in a sampled amplitude read chan- 
nel for reading data from a magnetic medium, the read 55 
channel detects digital data from a sequence of discrete time 
sample values generated by sampling an analog signal from 

a magnetic read head positioned over the magnetic medium, 
said method for measuring comprising the steps of: 

(a) measuring, within the read channel, a plurality of w 
measurement signals generated by a read channel com- 
ponent; 

(b) processing the measurement signals to generate at 
least one error value; and 

(c) outputting the error value to a nucrocontrolier for use 65 
in calibrating at least one of the read channel 
components. 



45 



wherein the step of processing the measurement signals 
comprises the step of computing a squared value. 

9. A method for measuring performance data from a 
plurality of components in a sampled amplitude read chan- 
nel for reading data from a magnetic medium, the read 
channel detects digital data from a sequence of discrete time 
sample values generated by sampling an analog signal from 
a magnetic read head positioned over the magnetic medium, 
said method for measuring comprising the steps of: 

(a) measuring, within the read channel, a plurality of 
measurement signals generated by a read channel com- 
ponent; 

(b) processing the measurement signals to generate at 
least one error value; and 

(c) outputting the error value to a microcontroller for use 
in calibrating at least one of the read channel 
components. 

wherein the step of processing the measurement signals 
comprises the step of comparing an operand value, respon- 
sive to the measurement signals, to a predetermined thresh- 
old value. 

10. A method for measuring performance data from at 
least one component in a synchronous PRML ciass-IV read 
channel utilized in reading data from a magnetic medium, 
the read channel detects digital data from a sequence of 
discrete time sample values generated by sampling an ana- 
log signal from a magnetic read head positioned over the 
magnetic medium using at least one sliding threshold Viterbi 
detector having at least one sliding threshold, said method 
for measuring comprising the steps of: 

(a) accumulating a confidence metric value proportional 
to a difference between the sample values processed by 
the Viterbi detector and the sliding threshold; and 

(b) accumulating a count value representing the number 
of confidence metric values accumulated. 

11. The method as recited in claim 10. wherein the 
confidence metric is proportional to the value selected from 
the group consisting of a pre-metric value and a post-metric 
value, wherein: 

(a) the pre-metric value is computed, when a current 
sample value processed by the Viterbi detector is out- 
side of the sliding threshold, responsive to a difference 
between the current sample value and the sliding 
threshold; and 

(b) the post-metric value is computed, when a current 
sample value processed by the Viterbi detector is within 
the sliding threshold, responsive to a minimum of a 
previous post-metric value and a difference between the 
current sample value and the sliding threshold. 

12. The method as recited in claim 10. further comprising 
the step of generating expected sample values relative to the 
sample values read by the read channel, and wherein the 
confidence metric is proportional to the value selected from 
the group consisting of a pre-metric value and a post-metric 
value, wherein: 

(a) the pre-metric value is computed, when an expected 
sample value is non-zero, responsive to a difference 
between a current sample value and the sliding thresh- 
old; and 

(b) the post-metric value is computed, when an expected 
sample value is zero, responsive to a minimum of a 
previous post-metric value and a difference between a 
current sample value and the sliding threshold. 
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